Evidence for solar flare proton induced radioactivity in lunar surface material returned by Apollo 11 by Heydigger, H. R. & Turkevich, A.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 









Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19710002483 2020-03-12T00:51:04+00:00Z
^^91SL64^^^^^^











































CCO	 ^ 0C ^ Q















































































	 +^	 C	 F.	 U a^	 Oc	 RI	 ..
nl	 J L. •• +;	 I	 I	 p	 d	 U ti	 s	 41	 C7	 CJ .-/	 U	 O ^1	 U	 -	 c]^+	 CJ	 I	 tr	
,u.
U	
U ;	 U	 C! A b 61 CL C >s
	 31 G. w MU
X CJ
	 1	 > >>, d A	 Q! V Y N H Md7	 •	
d	 H 69 u L.	 a a^ c c	 ° .c,	
^' .^
v	 e	 D E O	 q^	 a U
^ CJ	 7 co	 U	 U	 a4)	 a 'i O
	 O .Oi	 O . •^I a a	 {,^	 w
w	 _°	 E	
o I a^ b ^ 4 i 0 O .0 o rui ^	 00 M	 r^ a^ >C C
	 U d






y d go d 4^ O	 7 a rl 0y0 M 07
	 qN1 ^„^ C:
U	 O	 t- i
	n	 .-I	 •p	 4.	 r1	 v	 9..	 f r ^	 E	 O	 Lei	 14	 RMi	 R,^	 it
	v 	 Ld. t0. V O 14 43 t u td. 
d i	 eppGCCi!! 	 °
r r; C :. L.
	 tr 7 U aJ ^. Qi Odi
	 L Ld.	 A C Q	 4. M
	
r w	 U	 C d +-) O
	
p
GV.	 E	 "^cc	 4j C	 a0 d	 U d	 w O	 O	 W C hG4j ;	 4j:.M	 C	 t J C C. E ctli C
	 .1 p	 41
f	 C 7 C^ O
	
IY. U 1 to c d t
O 4j
C A	 it	 O	 Ow	 f0 7i 0	 d d Q r1 rl U	 UU> ^ rS C
	 O	 O	 i.	 a c d ai	 4
	
si	
	 ,CA	 c +	 4 M LU	 C	 3	 C L3 r-1 Y 7 w d O H
	 U C CJ an +^	 - rt a A O to r- a C CL CL
	 !:^	 M 8	 i ra1	 X :^
r + 	 ^a rE4	 fd	 .a r1	 L. M	 .aA ;p ri Q O d d C: >  1 d 71 4	 O rl M •O C) H OC M	 d v L.
w L, U U f. C7 d c, C d Q L. C %
	 CCd 4 u Od N
	
C :^
v w w	 c.	 L 
a 
	 U	 E v o t, 1 to u c]
s^ u c p :j a .^ d
	 c v Y	 o °
	 ti rj
	
°V .^	 '^	 c c
	
:^ e0 M	 t.w G.	 .^
Cv v	
% `o
Y	 U	 C) 'O
	 U	 O	 L.	 w	 ^.•C u	 G a w U E .'+
	 a a
	 Y +^ 1 .- r u w M	 ^D	 x
	
71 .p M :^-^	 d :C	 b M	 Y ^i ld d	 b ^ C	
Vl
0► Y .^	 O rt	 Y	 G A 9.4 N 7
	 VR. fr M	 a ^.	 a r! w 7 v O y i.. q
9 C	 ^d O > NI .1	 Y Cl EG C a	 04 Q LJ A	 ,
	
C Y L ad	 4 iJ "^Ir1 rl U a
.) 4A W a f
	 C M C^ +i £	 O
	
d A c d 41 U C:	 V a A ri	 .i a0 ^]	 C!	 d C ° t. b Y a A C >
	 W C Cl U O cC  C u ^•
	C-4 cr L. a .^	 d S. U r: O p a^ .-^	 M M ry C p I^ > L u :^ >M M
	 N	 .0 .^ r•1	 M .:^	 ad
a	 c t
	 o c°'. o E v a n	 v	 c, u cU c. w
	 a	 ad 4.3 C	 Ir	 L N O C M t M r•i r L. x cJ C:
d a	 A.	 C M
	 M E Y >s Y a	 a.	 u c.	 >C	 C 164 E
 .>^	 {a^^	 Rai 4.) +fir	 qda	 d	 u	 C1 Ali	 s.
	
r	 r'i	 a	 a4 M Y 00
	 fr	 C O i. t U A
	 U c.C C
	 C L	 .-4 V #+ tl O
	 Y	 .^ ^ p ^ C7 4j1 4.a	 .^ C!
	L' r t.. . 1 O c
	 it V O	 x
	
M V	 E a	 s .1 Air M a C/ & .^ rC Y a^ O





C	 `^ 	 r 1	 c	 ep	 c	 01	 W	 ry	 v^	 ^Vf ^'
	
4
L'	 Li	 O	 O	 N	 C	 r i	 Q1 H	 Q1 'H	 0	 4I	 •	 10 ri y	
G







`t^^I	 N .vi	 O O 41 L,
u.a >
	 A	 cud °• v o
	
00 ^ '^ 9 C.4 c '	 `J	 `' +' °-
° 
a 3 C^J	 U	 4l	 Cam) U Oi U 'HC	
co 
j ,H, r ^ ^ ^ ^ ^ .°ri' Om c.	 O a N Lei "°
d7 	 F	 O T	 °	 c H C	 i^pt !0	 L $	 T .0w.	 u	 d v Cd c E
	 c. .^^ ti cd K	 o a H	 GL ^.	
ii f(44 o a c
o	 c. c c
	
r« E	 u w	 K o	
t. >rCd
O	 o	 a)	 o	 a)	 .	 L,'u	 v) O
	 o H N	 c. c0i	 ° of +	 .N 0f 0 	 ^' C ,^,m	 O .,
	 r	 ,	 a 1	 c. H — 




C Gi v o	 atl^O N c C v7 +') 4a F4
E^
	 i)
o	 d r°1i °
	 v	 u 1 cd 41 ;-4	 c a o ,go t,0 v o ,^	 v c.V +^	




	 O 0 c 0	 ^ R1 O SO O 
H	
O V ..f >
H	 U N




	 ;. rn 4-),d u m a^ o cd




° r-1 Cd v 4J U 7
	
d 04 ^
	 r•O.1 M^ .ai r•i O U U H	 ii ^ +^ C
 U .G R. ^
	 H 4.)Y O H G U c0 c
co ^ of c N 4
	 ^ O 4, N O (I -H y H ^ cry Py a 0 Cd ^ cd C O 41E 	 ri O 7 CH	 u o u a cT. > ccd	 c	 c.	 4JO m c 	 c
v uJ m '' 'a N > ca O	 'o C	 4Ni o H •o
so	 C
O	 r^i ate+ H E >	 ^'
	 H O
H	 O ,1	 F	 C. N 41	 o cH.., 4J ^''	 F,	 ti H	 >	 .)r	 v N	 >	 o w c0. 3	 '" a)	 °	 +'04 c.	 	 ov	 r 1 	 0 440) -4
	
o 4) cd ;-b 4 q r-I-1 °
	 v c r
	 f0.	 ' c v 4.)
O U








_	 c•+	 a 0 c 03 c.





cd coO r-f 41 IQ lii (D o LA	 G,	 c OLz	 G c C 1 cad GV.	 :>	 •''c c O cd U	 ^ p 0 tuN o ,^ o N ^	 p, Ho 	 c o m o aci (d v	 ti °a ^, v a^	 oH a	 co E	 o	 o ti	 o d)  C .. cd o o i..,	 o t.	 o c. H UO	 N	 4)	 fa	 00	 c	 O	 94	 c H	 L, H r+ V	 O	 Q)
	C	 c) r 1	 L,N	 c U C. cd C) +) y c
	
O 41 DO b	 UN	 .^ c
	 c C
	 U H 0) a
	
FO,	 rul	 td d	 C. E	 r •1 	 4-) O, $ pN	 'v < O ^
	 T cd f	 d	




A	 a	 O o o P1 ^ Ea	 p	
O "i	 L. cd ^ O o r-j k
	 ° .Oi +^i = o
	




t	 Y 	 Ed	 r~	i ii •'Yi •c1 o 0 4. , I	 a b	 O C, 4c C
	 b C C
	 O N O o
v)	 '
:n	 ^	 u	 A	 z•	 t	 ,p	 C.	 fr O' J	 ri C.,	 ,(	 d	 T	 OH c > o i>	 N t A
	 1 t^	 ^u E a^i	 3	
uN Fes" or1	 u _ Q	 U .c E' +)	 C. E c 4	 to O	 c O
-".	 O	 O	 O	 L,	 p r1 42 r.4r 4 oU	 r :J	 I	 :^	 O H T C. E H
	O	 44 H U 0.S U	 t frk;	 NI-1 	> La dJ $ 0)	 r :^	 cd 4)	 Ut]	 06 Q U ri A	 n :3	 H	 U	 ,C	 In 0) 4) ^. 4.) r•i
	 c O rC)	 u 1 4.3 C E N K oo > 44>
	
•^ CH. = v	 u C1U	 +a	 raO	 U U V H O H U H H	 tiT	 C	 L. N	 N	 $-. G+ a)	 4.)f. 4J	 c	 +J	 cd	 O 41	 c	 O	 c CU	 ..j 0 v	 Cy 0) Gr W c	 U N
	 H	 Hx	 u c	 v	 U	 o	 N a c	 > T .c•1	 u r-4. a+ A a c+^ u to	 + N o :> N O	 O 00 H o
	 H 
P 0 4 
41 
4) w t
G O N U 14 > E (r LA	 O O G) >	 cam) td	 a^ ^ U ^ C i t 41J U -1 1)	 U O O c
	 0) V O
	 O O C L. .) C
	 V C.a r+ b r+0 o
	 N c >	 H m cd i
0i 0 4 c^ ,c^ j u m rc	 ry co	 c. u	 u c	 o
a i r, ° ca	 c, coi :; v
A	 d d H H go f. H
	
N N •a A •^I T A .0	 w H v	 p tc	 A U H	 H N -P c, H	 C., -4
•0	 + 'O
	
L.	 -1	 U	 Q r(d	 + O	 U E+ 4.	 cd	 V	 c0 t.., H	 a ,C	 Y	 C	 O
:1 	 ^'	 :^ 	 H	 U	 0)	 N	 OU, QWi •p 	 ^,+	 O	 4)	 .i^ 'C	 i, .0	 VU A P. 	 +
U •^	 C.4	 a v	 4J li	 .N .Cc co	 H H i^	 44 v ' VO! .0
	 Y O
	 .'7rJ H U N	 O	 O H OJ	 T i-,	 O y
	 ^t	 Opi C p .^, H	 i
1	 V U 1] ^ A
	 O $ cd p	 1[1
ti E	 u	 e oui v 4.) u ,U, 4)	 Qc	 A	 tH°f.rJ	 U	 G)	 G)	 E H	 >	 0 9.4 41
	 o
4'	
~ ~ ^ O!
4-3 Q	 4.)c a O a o'	
y 
.^ yy^^q^	
j> U .0 c. C O c.	 R, 4! 	 "o,.^ p +'	 d C
&a 	 4n n 	`" o cN. 
H




	 C	 % 2 G C` .c+l
O c A	 C.	 1.	 p cd 3 v G O n d	 A b ' it
rr
;^A O U	 u	 m v A H O d, A
	 q y	 ^^	 ^ O
L,	 r,	 U	 ct^ f^ 	 cd •-{	 2	 B	 C, cr	 o0 +>t	 C S	 3	 C
e	
v	 b	 H	
+^	 )Oi	 47	 W4g O
ro	 C	 p C cca u	 c)	 4 c. O co	 O	 ..	 a r-1	 O v	 .Ci "i
	
Y	 4 ON H O O C C	 D O R1 cr d	 ^ d V	 C rl	 l^ ,p
•O	 Uc	 U r•I	 6)	 L,	 *)	 G) w	 N	 Y 1	 c) S	 cdc	 a^	 ° .^	 .^ .^	 u ,^	 o	 94	 a	 a	 t.	 r	 v	 cU	 ^u .^	 «+	 O	 R.	 b	 A  0 p	 C ON O N V d 0 q	 i. b O
	















s-+ x ; •1 T N rf^
U	 .:^ U :^ r; U
>► 	 :-^ C^ U) ^^ U Cy rAU	 y1 O •r 4 C O .-I
C O G U Oh 1 G H 1 G
U U U V
G4 > [. u ?
r O t vi O
Ll
U a o OU Sr a rj



































Cr G. m f..
N U UH y qj ya
G\










^J C 14 M O
G+ CO V rJ C
l 91 O






























































































































































































































































































































































































N a a, 11
v
Cl c)





















I.	 W. .	 I	 I y
r:
R G^ G, ^^ cJ d) .^ , I U
+






















U' = c E aA' \D o a + :^ cd U of :^0 .,; I	 ri cd E I	 r-1 C-. [. +i U •" I cC •.s cd C
C Or C	 + L. a J u C> i + r• =














►)'	 c, a.cd r-^i c. u




cd +4-3 ^. E
UC E U7 h G :^ r.
X-.^ A jU	 r:
•W ti Url
r• I C 4-) U	 ri 1 to C +^ U -v
TI
C ri ri 1-1 n	 r-I w O cu U O G
r N 'C > ri h
^ . U I ?. •N %ts ^	 "
-'
O , ^,	 Cy Cd .0 A tdr U 'flcC •pC C. .^-'N c, r3 C I Gl 6, E rl Ii .j U Cr .^ .i ) f
c u i ^+ z c G W	 [_, c c c t v U cd O U Cid {/ [, 19 ,-1 r1 O D, C C C r-C d U;
ti •/]!	 C r .-4	 C
I
N f- cd Cn co •E U O M Qr3 h rd C C cd O E [. U h •O C c-c O -3 a
o [. c c .^ ;. c,
T r i	 >> C1 r 1	 O Cn ?. t7 O O 1. al Cd O ri :J ►l,:. c	 c) a X c ^ G W ar t. v x co [. a 7
U	 C L+	 i C G. •r1 h \D R X	 Cd U U U J v ,^ r
fJ	 •E U U I r-I aC ^
AU
J O 6 d ri O G
U	 r; tY. Cr	 c-^ U W v + ON r_ f. •,^ 0 Ut
UU=. W GC. C •-I,1L,	 U h f. C , ti UI
C v 1 .^1-4 E fC C ?. lC G c :)C
r: C	 + r-1 Y^, c \D n I ^ U
-
K n :n •O H O rJ	 ^ L• rl .^ ri O Z •c C .cd
	 %^ .. [ Cd	 G1 U t^ `L VJ 1 v \O f. C H ` O O, vN ri O \O $. r,l O cd E + cd	 \O 0. e fJ c C5 _
C7 .-	 > n U •G 	 + O\I	 ri f3 [a	 .f^{O O[. U{. .G	 ON•^W	 n E Cy V O J U -F
^ C O O C	 G ^1 [+ UU! 1C.	 f^ a CO i-I Cd C ^ . •rl co 4.U ^, aC G > GGN n rl l!\ n w C r
ti \O .^ .^ h w	 r I
+[ • ;1 r a all cd cd coOn CC CO rdEy	 to O1ti 1 UtJ :^ .`^n U U .) t, UCC	 G\ U u	 L.I' ,-1 01	 +^ O E W G\	 ^1 G. C G G. ,-I U
h
qf.^
^; ^+ hl 4 O^ 0o O v H e^i v t 1 [qt; E	 1.c Q VI N	 F-I c'rc i
• O
CV	 '
	\O 	 \p	 ,t	 t^	 r•l
	
U U	 r^	 r1	 O	 V	 N
O	 N	 N	 U"\
	O O 	 O C; O O p O11	 O	
•11	 -41	 -4I	 41	 al	 -1
N	 if	
^{	 -41•N
O	 OD	 r^ N	 r-	 Q \O	 OD aU N	 . {
O	 r1	 O O	 O	 O r1	 O fn O	 •{
r•..r^ f^til r.r•,^.^ r^-1 rte••••-\ r-..+.M ^^1 r—.^ ^.+•^
K A10. z u c O N P N	 Jt fc^1 R 9 m +
°.' ^ c% a r c% c ci.	 G a >r	 o• c a a ^ ca ^
KN N	 N N{{1 N ^O N^
H H N
!8
`; N
O C;
44 44 44
O ^ ^
O O r1
Go \D
44 •1y
6(W
L.
O
L.
.7o Co
U — t—
U
O X
L
c &.
Ir
I
i
4
